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Objectives: This study investigated the reliability of carotid duplex ultrasound (DUS) to identify appropriate candidates 
for carotid endarterectomy (CEA) according to a panel of vascular specialists. 
Design: Prospective study. 
Material: 102 patients with 145 carotid bifurcation stenosis or occlusions. 
Methods: All patients who required a carotid angiogram were evaluated using DUS followed by carotid angiography. 
A blinded panel of four vascular specialists individually decided whether CEA would be appropriate for each patient 
based on pre-angiographic nformation. Angiograms were then shown to panelists to see if their management decision 
was altered by the angiogram. 
Results: For stenosis >_ 80% on DUS (n = 60), panelists unanimously agreed on CEA without angiography in 57 lesions. 
In 50 lesions (87.7%), angiography showed >_ 70% stenosis and the management plan remained unchanged. For the other 
seven lesions, intracranial aneurysms (n = 2), tandem intracranial esion (n = 1), unsuspected proximal common carotid 
lesion (n=l), a 40% stenotic lesion (n=l), and high carotid bifurcations (n=2) were seen. In lesions with 50-79% 
stenosis on DUS (n = 66), none of the panelists recommended CEA without prior angiography. Eighteen (27%) of these 
lesions were >_ 70% stenosed on angiogram. Complications of angiograms included one stroke, one haematoma, nd one 
severe allergic reaction. 
Conclusion: Carotid duplex ultrasonography without angiography can reliably select lesions appropriate for surgery 
only when critical stenosis >_ 80% is chosen. Routine angiography is recommended for carotid stenosis of 50-79% when 
CEA is considered. 
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Introduction 
Recent advances in carotid duplex ultrasonography 
(DUS) have caused agrowing trend to perform carotid 
endarterectomy (CEA) without prior angiography. 
Proponents have reported case series from various 
centres demonstrating the feasibility and advantages 
of such practice. 1-4 However, before DUS can be ad- 
opted to replace angiography as the definitive in- 
vestigation for operative planning, one must be certain 
that sufficient information can be acquired from DUS 
to distinguish appropriate operative candidates, and 
facilitate safe operative management. 
This study prospectively investigated the need for 
carotid angiography and the reliability of DUS to 
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identify appropriate candidates for CEA according to 
a panel of vascular specialists in order to assess the 
appropriateness of performing CEA without angio- 
graphy. 
Methods 
Between 1 March 1995 and 1 December 1995, all 
patients who required acarotid angiogram as assessed 
by attending vascular surgeons were prospectively 
studied with detailed history and physical exam- 
ination, arm pressure measurements, head CT scan, 
DUS in our hospital followed by carotid angiography 
within 1 month of the DUS study. 
DUS examinations were performed using a color 
duplex scanner with a 5 MHz probe (Acuson 128; 
Acuson, Mountain View, CA) in a manner as described 
by Strandness. s All examinations were performed by 
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sonographers with special training in duplex scanning. 
University of Washington criteria, based on the ECST- 
method, were used to determine the degree of stenosis 
on DUS. 5 Angiograms were performed using intra- 
arterial digital subtraction or cut-film techniques by 
neuroradiologists or their fellows. At least two views 
of each internal carotid artery as well as intracranial 
views were obtained. The degree of stenosis on all 
angiographs was read by neuroradiologists according 
to the NASCET criteria. 6
Carotid arteries were excluded from analysis if they: 
(1) had previous ipsilateral CEA, (2) were suspected 
based on history or non-invasive studies to have sten- 
otic lesions outside of the carotid bulb area, (3) did 
not have technically adequate duplex ultrasonography, 
(4) did not have selective angiographic visualisation 
of the carotid arteries or their intracranial branches, 
or (5) were normal on DUS. 
A blinded panel consisting of three vascular sur- 
geons and one neurologist, all certified by the Royal 
College of Physicians and Surgeons and in good stand- 
ing in their respective specialties, decided individually 
whether CEA would be appropriate for each carotid 
artery lesion based on pre-angiography information 
which included patient history and physical exam- 
ination as documented by the attending physician in 
a standardised format, DUS films and report, and CT 
scan report. The decisions were coded as: (1) proceed 
with CEA, (2) needs angiography, (3) no indication 
for carotid angiography nor surgery. Angiograms were 
then shown to panelists to see if management decisions 
were altered by the angiogram. The post-angiography 
decisions were coded as: (1) angiogram not helpful 
(did not change management plan), (2) angiogram 
helpful but did not change management plan, (3) 
angiogram changed management plan. For both de- 
cision processes, panelists who chose option two were 
asked to state their reasons. 
The panelists agreed prior to commencing the study 
that firm indications for carotid endarterectomy in- 
clude symptomatic carotid stenosis of >- 70% on an- 
giogram and equivalent critical carotid stenosis in 
good risk asymptomatic patients. Symptomatic lesions 
of less than 70% constitute a relative indication. 
Results 
One hundred and two patients with 145 lesions were 
studied uring a nine-month study period. The duplex 
results of these lesions were 60 with >- 80% stenosis, 
66 with stenosis between 50-79%, three with stenosis 
between 15-49%, and 16 occlusions. The DUS results 
correlates well with the angiogram findings (Table 1). 
Table 1. Results of duplex ultrasound compared with angiography. 
Duplex ultrasound results Angiogram results (NASCET method) 
>_80% stenosis (N=60) 55/60 (92%) had >_70% stenosis 
50-79% stenosis (N=66) 18/66 (27%) had >-70% stenosis 
<50% stenosis (N=3) 3/3 had insignificant stenosis (<50%). 
Occlusion (N = 16) 16/16 had occlusion confirmed 
The results of the panelists decisions are sum- 
marized in Fig. 1. In the >- 80% lesions (n = 60), 54% 
were associated with ipsilateral symptoms. In 55 (92%) 
lesions, angiography showed a stenosis of 70% or 
greater, and 58 (97%) lesions were >- 60% stenosed. 
Two lesions had a stenosis of 40%. 
Based on non-invasive studies, the panelists un- 
animously decided for CEA without angiography for 
57 lesions but disagreed in three. In one case, one of 
the panelists felt the peak systolic velocity was not 
high enough (despite exceeding the University of 
Washington criteria) to be certain of a >- 70% stenosis 
on angiogram. In the other two cases some of the 
panelists felt the symptoms were atypical for symp- 
tomatic carotid stenosis. Angiograms confirmed the 
presence of critically stenosed lesions in the later two 
lesions. 
Angiography did not change the management plan 
in 50 lesions (87.7%). In three lesions, at least one 
panelist felt the angiogram was helpful. One had a 
tandem 60% siphon stenosis, and two lesions were 
high carotid bifurcations. Angiography altered the 
management plan in four lesions. One asymptomatic 
patient's angiogram revealed 80% carotid bulb stenosis 
with an unsuspected 80% tandem proximal common 
carotid stenosis which resulted in withdrawal of 
planned CEA. One patient had an asymptomatic 40% 
stenosis, and his planned CEA was also cancelled. 
Two had intracranial aneurysms of 3 mm and 6 mm, 
respectively. Both required neurosurgical opinion and 
the patient with the 6 mm aneurysm had his aneurysm 
clipped after CEA. 
For the 50-79% lesions documented on DUS (n = 
66), angiography showed that 31 (47%) were >60% 
stenosed, 18 (27%) were >_70% stenosed, while 23 
(35%) were 30-59% stenosed, and 12 (18%) were <30% 
stenosed. None of the panelists recommended CEA 
without prior angiography in this group of lesions. In 
25 lesions associated with lateralizing symptoms, the 
panelists chose to request angiography to rule out 
>70% stenotic lesions. For the 41 asymptomatic lesions 
in the 50-79% DUS category, no angiogram or surgery 
was chosen by any panelists for 29 lesions, while 
angiography was chosen by at least one panelist in 
12 lesions to investigate nonlateralising symptoms in 
three, and to rule out critical stenosis in nine. 
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Need angiogram (n = 3) 
Angiogram shown 
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management plan (n = 4) 
50-79% stenosis 
on DUS (n = 66) 
Symptomatic 
(n = 25) 
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(n --- 41) 
Need angiogram (n= 37) 
No need for CEA or 
angiogram (n= 29) 
Fig. 1. Panelists' decisions. 
For the three carotid lesions in the 15-49% DUS 
category, angiography confirmed a mild degree of 
stenosis in all three. The panelists unanimously re- 
quested angiogram in one patient with ipsilateral TIAs. 
Angiography demonstrated a 20% stenosis of the in- 
ternal carotid artery with a tandem 75% stenotic in- 
tracranial lesion. 
In the 16 occluded lesions on DUS, panelists felt 
that angiography should be performed in eight lesions 
to confirm occlusion since they were associated with 
recent symptoms. All 16 lesions were confirmed by 
angiography to be occluded. 
Complications associated with the 102 angiographic 
studies (2.9%) include one stroke (1% stroke rate) 
causing hemiplegia immediately after angiography 
which resolved over 3 days, one groin haematoma in 
a patient on ticlopidine requiring hospitalization and 
transfusion of 2 units of packed cells, and one severe 
allergic reaction that required treatment with intra- 
venous epinephrine for stridor and facial swelling. The 
latter patient's ymptoms resolved without sequelae. 
Discussion 
Carotid endarterectomy without arter iography is a 
growing trend in vascular surgery and has been pro- 
posed as the definitive test in selected patients. ~12 
However, there is still reservation regarding complete 
reliance on DUS because it does not provide some 
information only available on angiography. This in- 
cludes the presence of proximal or distal tandem le- 
sions, length of the stenosis, location of the carotid 
bifurcation, intracerebral collateral circulation, and in- 
tracerebral aneurysms. Furthermore, recent ran- 
domised surgical trials have all defined operative 
criteria according to angiographic methods. 6'~3 How- 
ever, proponents of CEA without angiography point 
out that much of the information mentioned above is 
unnecessary when a reliable DUS study is available 
and omitting angiography would eliminate the dis- 
comfort, inconvenience and complications associated 
with angiography. 1~19 
In this study, we collected the pre- and post- 
angiogram decisions of three vascular surgeons and 
one neurologist on a prospectively gathered group of 
potential CEA candidates in order to assess the safety 
and appropriateness of performing CEA without 
angiography. 
For carotid stenosis >80% on DUS, the panelists 
found angiography to be non-contributory in 87.7% 
of lesions. The findings of intracranial tandem lesions, 
high carotid bifurcations, intracerebral aneurysms, 
non-significant s enoses and proximal arch lesions on 
angiogram was found by the panelists to contribute 
to management in 12.3% of the lesions and constitute 
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objections to adapting the practice of CEA without 
angiography. These objections are not prohibitive, 
however, when weighed against he potential benefits 
of CEA without angiography. 
The role of intracranial tandem lesions have been 
addressed by several authors .  2°-22 Schuler et al. 2° dem- 
onstrated effective relief of symptoms following CEA 
in patients with intracranial tandem lesions. Roederer 
et al. 21 demonstrated that CEA can be expected to 
protect both symptomatic and asymptomatic patients 
from stroke even in the presence of a tandem siphon 
stenosis. The presence of a tandem siphon stenosis, 
therefore, should not have impact on the management 
of critically stenosed bifurcation lesions. 
The finding of high carotid bifurcations on angio- 
graphy is helpful for procedure planning, especially 
when the surgeon routinely uses a transverse incision. 
The presence or absence of high bifurcations can be 
easily assessed by the ultrasonographer. However, 
this information is not routinely communicated to the 
surgeons. The authors believe that better com- 
munication between the ultrasonographer and the sur- 
geon with regard to the degree of difficulty and 
adequacy of the study as well as the location of the 
bifurcation is vital if the surgeon is to use DUS as the 
sole imaging modality. Modification of the DUS report 
to provide this information and marking the bi- 
furcation site on the patient at the time of DUS would 
eliminate this minor obstacle. 
Intracerebral neurysms were found in association 
with two lesions which prompted neurosurgical con- 
sultations, and aneurysm clipping was recommended 
in one patient after recovery from CEA. Although the 
intracerebral neurysms were important findings, and 
did change the patients' management, he hospital 
course for treatment of their extracranial disease was 
unaltered. Since angiography is not routinely used as 
a screening test for aneurysm disease, one cannot 
justify its use based on aneurysm detection alone. 
Several studies regarding CEA in the presence of 
intracranial aneurysm have not found increased risk 
of perioperative vents with these incidental an- 
eurysms. 7,8 
The finding of an unsuspected proximal esion on 
angiogram impacts ignificantly on management, since 
performance of CEA based on DUS findings would 
not prevent he risk of subsequent carotid occlusion 
and stroke. Although routine angiography would rule 
out the presence of proximal disease, one must weigh 
this benefit against the detrimental effect of an- 
giograms. Akers et al. 23 reviewed 100 consecutive arch 
aortograms and four vessel angiograms for suspected 
carotid artery disease and found the prevalence of 
unrecognized intrathoracic lesions to be 0.6%. There- 
fore, routine angiography would subject 99.4% of 
patients to undergo negative angiograms in order to 
detect hese arch lesions. 
The major attraction for performing CEA without 
angiography is the elimination of morbidity and mor- 
tality associated with angiography. The angiographic 
complications demonstrated in this series included 
one stroke, one groin haematoma nd one allergic 
reaction. The risks of angiography include local com- 
plications such as haematoma, femoral arterial and 
venous injuries (0.2-2%), contrast reactions (2-8%), 
renal toxicity (0-12%), cardiac dysfunction (0.39%), 
stroke (1-4%) and death (<0.1%) .  14 When weighed 
against these complications, the authors believe an 
occasionally missed arch or common carotid lesion is 
acceptable. 
The finding of a 40% stenosis on angiogram despite 
DUS finding of critical (80-99%) stenosis brings to 
light the problem of selecting appropriate stenotic 
lesions with DUS for CEA. Whether DUS or angio- 
graphy more accurately reflect he actual stenosis is a 
controversial issue. Studies comparing surgical speci- 
mens with angiography and DUS have demonstrated 
comparable accuracy of the two modalities in pre- 
dicting degree of stenosis. 24'25 However, since the 
NASCET trial established indisputable benefit of CEA 
based on angiography, 6 many studies have readjusted 
DUS velocity cutoffs to match the NASCET cri- 
terion. 9-11'26'27 The ability of these criteria to correctly 
predict >70% stenosis according to NASCET an- 
giographic riteria ranges from 71-90%. In our patients 
with >80% stenosis on DUS, 92% fulfilled the NASCET 
criteria for CEA. It is unlikely that matching between 
these criteria will ever be perfect, since the two imaging 
modalities are inherently different. However, with a 
positive predictive value of 92%, CEA on all lesions 
with >80% DUS stenosis may be acceptable, con- 
sidering the comparable accuracy of the two modalities 
and the elimination of complications from angio- 
graphy. 
For lesions with 50-79% stenosis on DUS, angio- 
graphy identified only 27% of the lesions to fulfil the 
NASCET criteria of >70% stenosis and 47% of the 
lesions to fulfil the ACAS criteria of >60% stenosis. 
The panelists chose to perform angiography for all 
symptomatic lesions but only in 29% of the asympto- 
matic lesions. This conservative attitude of the panel 
towards asymptomatic lesions reflects the modest 
benefit of CEA as demonstrated in the ACAS study. 2s 
The authors believe CEA for asymptomatic patients 
should be reserved for good risk patients, and the 
threshold for recommending surgery should be greater 
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/ 
Patient with carotid 
stenosis (detailed ~ Asymptomatic - -  
history and physical 
examination) 
Non-hemispherical 
symptoms or suspect 
lesions outside the 
carotid bulb region 
Carotid duplex High grade stenosis 
ultrasound (PSV > 125) 
High grade stenosis 
PSV >125) 
Critical stenosis (PSV 
>125 plus EDV 
>135) 
Angiogram 
>70% Stenosis 
Carotid 
-I~ endartereetomy 
Regular follow-up 
duplex ultrasound 
Carotid duplex 
ultrasound plus 
angiography 
Fig. 2. Management algorithm for patients referred with carotid stenosis. 
or at least equal  to the thresho ld  as estab l ished for 
their  symptomat ic  ounterpar t  (i.e. _> 70% stenosis). 
In summary ,  this s tudy  eva luated  the preoperat ive  
dec is ion -mak ing  process of four vascu lar  special ists 
w i th  and  w i thout  ang iography.  Based on the DUS 
results  obta ined  f rom our hospita l ,  carot id  DUS wi th-  
out  ang iography  can re l iab ly  select lesions appropr ia te  
for surgery  w i th  an acceptable rror  marg in  when 
only  >_80% lesions are chosen. Symptomat ic  arot id 
stenosis w i th  DUS results  of 50-79% stenosis are better  
served w i th  rout ine ang iography  pr ior  to surgery. A 
management  a lgor i thm based  on the results  of this 
s tudy  is out l ined in Fig. 2. Since the accuracy of DUS 
depends  heav i ly  on the expert ise of the ultra-  
sonographer ,  the authors  bel ieve adaptat ion  of such 'a  
management  scheme can on ly  be  done  in a dependab le  
laboratory  where  the accuracy of the results  is fre- 
quent ly  va l idated  by  comparat ive  studies w i th  angio-  
graphy.  
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